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ABSTRACT  (U) 

(S)  This  report  describes  satellite  transmission  expeiiments  carried  out 
in  Prairi'*  Smoke  III  and  IV  to  study  the  structure  sites  and  time  dependence 
of  scintillations  produced  by  artificial  spread  F  (ASF)  irregularities  at 
frequencies  of  30,  50,  150,  and  400  Nfiz.  Fine  structure  down  to  less  than 
10  m  was  identified  in  the  scintillating  signals.  Aircraft  and  topside 
sounder  diagnostics  are  described  for  earlier  experiments,  which  show  that 
the  disturbed  region  extends  more  than  200  km  in  a  north-south  direction, 
with  a  relatively  sharp  southern  boundary.  This  report  also  presents  a 
criterion  for  optimization  of  the  bistatic  cross  section  for  on-frequency 
scatter  (OFS)  at  VHF  and  UHF  by  a  suitable  choice  of  geometry. 
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1 .  INTRODUCTION  (U) 

(S)  During  the  period  September  1,  1972  through  February  28,  1973,  some  ad¬ 
ditional  tests  were  carried  out  as  part  of  the  Prairie  Smoke  series;  Prairie 
Smoke  III,  in  September  1972,  and  Prairie  Smoke  IV,  in  November-December  1972. 
The  general  purpose  of  Prairie  Smoke  III  was  to  test  aspects  of  the  scattering 
model  prepared  during  the  previ^'us  reporting  period;  the  results  are  pre¬ 
sented  in  Section  2.  Prairie  Smoke  IV  was  intended  to  provide  data  for  a 
yield  model.  Unfortunately,  weather  conditions  were  extremely  adverse, 
and  only  limited  data  were  obtained.  These  data  are  presented  in  preliminary 
form  in  Section  3.  Work  has  been  proceeding  during  the  past  year  in  the  use 
of  various  types  of  mobile  diagnostic,  such  as  aircraft-bome  and  satellite- 
borne  ionosondes,  for  mapping  the  spatial  extent  of  the  disturbed  region. 

These  data  are  presented  and  interpreted  in  Section  4  of  this  report. 

(S)  Work  has  continued  on  theoretical  modeling  concepts  for  on-frequency 
scatter  (OFS) ,  and  it  is  demonstrated  in  Section  5  that  a  particular  sym¬ 
metrical  bistatic  geometry  maximizes  the  total  scattering  cross  section. 
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2.  TRANSMISSION  EXPERIMENTS  IN  PRAIRIE  SMOKE  III  (U) 

2.1  Int roduction  (U) 

(S)  Two  major  objectives  were  set  for  the  transmission  experiment  in  Prairie 
Smoke  III.  The  first  was  exploration  of  the  morphology  of  the  disturbed 
region  in  an  east-west  direction  using  one  fixed  and  one  mobile  receiver  on 
Navy  Navigational  System  orbiting  satellites.  The  results  of  these  experi¬ 
ments  are  given  in  Section  2.2.  The  second  was  a  study  of  the  height  dis¬ 
tribution  of  ^.rtificial  spread  F  (ASF)  by  observing  the  rise  and  set  of 
orbiting  satellites  through  the  disturbed  region  from  a  point  far  to  the 
south  of  the  heater  transmitter.  Unfortunately,  heater  transmissions  were 
not  available  during  the  second  week  of  Prairie  Smoke  III  when  this  experiment 
was  scheduled.  It  had  been  hoped  to  carry  it  out  in  Prairie  Smoke  IV,  but 
the  extremely  adverse  weather  conditions  prevented  this  also.  It  is  hoped, 
therefore,  to  carry  it  out  in  Prairie  Smoke  V  in  the  summer  of  1973. 
fSj  One  subsidiary  experiment  was  carried  out  in  Prair‘*e  Smoke  III;  trans¬ 
mission  studies  of  satellite-borne  30-  and  50-MHz  pulsed  beacon  transmitters. 
These  results  are  shown  in  Section  2.3. 

(S)  Correlation  analysis  is  being  carried  out  for  amplitude  records  from 
orbiting  satellite  signals  taken  with  spaced  antennas;  as  described  in  Section 
2.4,  these  have  shown  the  presence  of  much  smaller  structure  sizes  (down 
to  about  10  m)  than  had  previously  been  measured  with  the  transmission  ex¬ 
periment  . 

2.2  Transmission  Experiment  Studies  of  East-West  Morphology  (U) 

(S)  Since  most  satellites  are  polar- orbiting,  and  therefore  cross  medium 
latitudos  in  a  generally  north -south  direction,  transmission  experiments  from 
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them  can  be  used  to  study  the  north-south  morphology  of  ASF,  as  described 
in  the  Prairie  Smoke  II  Proceedings  (pp.  46-77).  Studies  of  the  east-west 
morphology  are  more  difficult,  however,  requiring  use  of  more  than  one 
receiving  location.  In  Prairie  Smoke  III,  the  following  sites  were  used: 

Walcott.  Wyo.  41.69“N,  106.80*W 

Pine  Bluffs.  Wyo.  41.17“N.  104.03“W 

Hillsdale.  Wyo.  41.15‘N,  104.47*W 

(S)  The  trailer-mounted  receiving  system  was  located  at  Pine  Bluffs,  while 
the  more  mobile  system  was  used  at  Walcott  and  Hillsdale.  Passes  recorded 
during  the  first  week  of  Prairie  Smoke  III  are  shown  In  Table  2.1.  The 
second  column  gives  the  time  at  which  the  line  of  sight  (LOS)  from  the  satel¬ 
lite  to  the  ground  station  crossed  the  heater  transmitter  latitude  at  a 
height  of  250  km.  The  fourth  column  gives  the  heater  frequency  and,  in 
parentheses,  the  value  of  foF2  at  the  time  of  transit.  The  next  column  gives 
the  satellite  transmitter  frequency  f:  h.p  is  the  height  of  the  LOS  when  pas¬ 
sing  vertically  over  the  heater  transmitter:  dj.  is  the  distance  east  of  the 
heater  of  the  line  of  sight  at  250  km  altitude  at  the  time  given  in  column  2. 
In  the  last  column,  a  range  of  values  is  given  for  4-second  averages  Sj^  of 
the  rms  percentage  fluctuation  of  the  amplitude;  and  Sj^  is  half  the  maximum 
peak-to-peak  amplitude  excursion  as  a  fraction  of  the  mean  amplitude. 

(S)  The  first  and  last  passes  indicated  in  Table  2.1  are  described  in  detail 
in  Section  2.3.  Of  the  remaining  four  passes,  one  (that  on  September  6)  was 
taken  at  Walcott,  Wyo.,  approximately  250  km  west  of  the  magnetic  meridian 
through  Platteville.  It  passed  through  the  heated  region  at  an  elevation 
angle  of  about  47  deg.  Only  residual  fading,  S  ■  4%,  was  seen  (Figure  2.1). 
However,  as  indicated  in  Note  1  for  Table  2,1,  the  transmitter  was  switched 
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Data  obtained  during  Prairie  Smoke 


SECRET 


4 


SECRET 


Notes  for  Table  2.1  (U) 


(S)  Note  1:  Heater  transmitter  interrupted  immediately  prior  to 

satellite  transit:  off  at  1618:53,  on  again  at  1620.45, 
low  power. 

(S)  Note  2:  0  tr-:^e  partly  mutilated  by  heater,  making  critical 

frequency  determination  difficult. 

(S)  Note  3:  At  Pine  Bluffs  real-time  chart  records  only  are  available 
for  this  pass. 

(S)  Note  4:  Erie  sounder  station  reports  ’’spread  not  outstanding". 
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off  immediately  prior  to  the  time  of  transit  of  the  LOS  through  the  heated 
region.  A  minimal  enhancement  (to  5  or  6%)  was  seen  in  the  scintillation 
indc.x,  about  30  sec  after  the  switch-on  time.  An  additional  factor  must 
certainly  have  been  the  averaging  effect,  over  many  scintillating  irregulari¬ 
ties,  of  the  large  angle  the  LOS  made  with  the  magnetic  field. 

(S)  The  next  pass  wss  observed  at  Pine  Bluffs  on  September  7,  with  an  LOS 
passing  about  54  km  to  the  east  of  the  heated  region.  Here  the  interesting 
scintillation  pattern  shown  in  Figure  2.2  was  observed.  The  index  maximized 
at  about  32%  when  the  line  of  sight  was  closest  to  the  magnetic  field  direc¬ 
tion,  and  the  LOS  passed  closest  to  the  center  of  the  heated  region.  To 
compare  the  observed  variation  of  scintillation  ind»’''  with  the  cylinder  scat¬ 
tering  model,  a  height  range  plot  such  as  Figure  2  can  be  used.  As  des¬ 
cribed  in  a  previous  paper  ("Proceedings  of  Prairie  Smoke  I  RF  Measurements 
Data  Workshop",  pages  71-73),  this  diagram  imagines  a  cylinder  of  radius  R 
witn  axis  the  magnetic  field  direction,  whose  intersection  with  the  300-km 
altitude  sphere  is  centered  in  the  magnetic  meridian  over  Platteville,  at  a 
distance  X  north  of  that  point. 

(S)  Figure  2.3  shows  the  height  at  which  the  LOS  intersects  the  cylinder  as 
a  function  of  time  during  the  satellite  pass.  Since  Pine  Bluffs  is  located 
inside  the  cylinder,  the  single  curve  shown  for  each  model  represents  the 
height  at  which  the  LOS  exits  the  cylinder.  Results  from  Prairie  Smoke  II 
suggested  that  only  heights  above  200  km  along  the  LOS  would  contain  ir¬ 
regularities  able  to  cause  appreciable  scintillation  of  transmitt'.d  satel¬ 
lite  signals.  Therefore,  the  scintillation  region  at  any  gi'’-.i  time  is  ap¬ 
proximately  bounded  by  a  lower  altitude  of  200  km  and  an  upper  altitude  given 
by  the  curves  of  Figure  2.3.  Comparison  of  these  curves  with  the  scintil¬ 
lation  curve  of  Figure  2.2  suggests  a  cylindrical  model  centered  over  Platteville, 
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Figure  2.3  Upper  limit  of  scintillation  altitude  for  0222  GMT 
8  September  1972  (S) 
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with  R  =  50  km,  X  =  0. 

(S)  A  second  feature  of  the  curve  of  Figure  2.2,  however,  is  the  secondary 
maximum  in  the  fading  index  when  the  ray  path  passed  about  50  km  south  (and 
50  km  east)  of  the  center  of  the  heated  region.  Evidently,  this  could  not 
be  due  to  favorable  magnetic  aspect  (i.e.  LOS  nearly  along  the  field  lines). 

(S)  The  next  pass,  around  noon  on  September  8,  offered  an  opportunity  to 
study  this  effect  simultaneously  at  two  sites.  Figure  2.4  illustrates  the 
fading  index  observed  at  Hillsdale  and  Pine  Bluffs  with  two  distinct  maxima 
approximately  centered  about  the  heater  location.  The  northerly  maximum,  the 
larger  of  the  two,  approximately  matches  the  height  extent  plot  on  Figure  2.5 
for  R  =  SO  km,  X  ■  30  km;  just  as  in  Figure  2.2,  a  second  maximum  was  seen 
50  km  to  the  south  of  the  first.  At  Hillsdale,  however,  the  fading  showed 
a  maximum  only  about  10  km  south  of  the  heater.  Therefore,  it  seems  reason¬ 
able  to  suppose  that  the  ASF  formed  a  doughnu* -shaped  region,  with  its  center 
about  the  same  latitude  as  the  heater  but  displaced  to  the  east  about  50  km. 
This  suggests  the  need  for  great  caution  in  assuming  that  the  shape  of  the 
disturbed  region  corresponds  to  the  polar  diagram  of  the  heater  transmitter. 
Interestingly  (see  Note  2  of  Table  2.1),  the  ordinary-wave  reflection  was 
highly  distorted  at  the  time  of  the  satellite  pass,  suggesting  that  heater- 
induced  horizontal  gradients  of  ionization  produce  a  highly  distorted  dis¬ 
turbing  field  of  the  kind  observed  in  the  ASF  scintillation. 

(S)  Exactly  opposite  behavior  was  seen  in  a  later  pass  on  Septeirfjer  8,  also 
observed  at  Pine  Bluffs  and  Hillsdale  (Figures  2.6  and  2.7).  Here  the  scintil¬ 
lation  reached  a  maximum  for  both  sites  at  a  time  corresponding  approximately 
to  the  disturbed  region  being  centered  over  the  heater,  but  with  a  much  larger 
diameter  cylinder,  corre.sponding  perhaps  to  R  ■  100  km  rather  than  50  km. 
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Figure  2.7  Upper  limit  of  scintillation  altitude  for  2324 
8  September  1972  (S) 
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It  IS  important  to  note  that  the  relative  distances  east  of  the  heater  trans¬ 
mitter  for  the  two  sites  for  this  pass  (60  and  35  km)  are  not  too  different 
fror,  those  for  the  previous  pass  illustrated  in  Figure  2.4  (51  and  23  km), 
so  there  is  no  alternative  to  supposing  a  real  change  in  the  morphology  of 
the  disturbed  region. 

Transmission  Experiment  on  Pulsed  Transmitters  (U) 

(S)  The  Lockheed  aircraft  satellite  STP-71-2  carries  on  it  a  pulsed  beacon 
transmitter,  part  of  the  "ERIS"  experiment.  Tnis  transmitter  radiates  on  fre¬ 
quencies  of  about  20,  30  and  50  MHz,  the  30-MHz  transmis<=ion  being  from  a 
linearly  polarized  antenna,  the  other  frequencies  from  a  circularly  polarized 
antenna.  Each  pulse  is  2  msec  duration  and  100  w  peak  power,  eight  pulses 
per  sfc.  These  pulses  are  received  again  at  the  satellite  after  reflection 
from  the  ground,  having  passed  through  the  ionosphere  twice.  The  satellite 
receiver  samples  the  reflected  pulse  and  stores  the  sample  amplitudes  in 
an  on-board  tape  recorder. 

(S)  As  indicated  in  Table  2.1,  two  passes  of  this  satellite  were  observed. 

The  first,  on  September  6  at  1451  MST  was  observed  from  Walcott^  Wyo..  about 
250  km  west  of  th_  magnetic  merid-an  through  the  heating  transmitter.  Though 
the  LOS  passed  nearly  through  the  center  of  the  heated  region,  the  scintil¬ 
lations  observed  were  minimal,  probably  due  to  the  unfavorable  geometry.  Fig- 

uie  2.8  shows  the  time  variation  of  the  received  transmitter  pulses  during  the 
critical  time. 

(S)  On  September  9,  however,  at  1458  MST,  the  same  satellite  was  observed 
from  Hillsdale  in  a  direction  much  more  nearly  up  the  magnetic  field  line, 
and  deep  fading  was  observed  at  both  30  and  50  MHz.  Figure  2.9  shows  the 
amplitude  of  the  beacon  pulse  signals  at  30  M^z.  Up  to  2158,  regular  fading 
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about  2.5  sec  is  observed,  produced  by  Faraday  rotation  of  the  trans¬ 
mitted  linearly  polarization  (a  simple  folded  dipole  antenna  was  used). 

At  2158:07,  the  uniformity  of  the  fading  begins  to  disappear;  by  2158:15 
the  transmitted  signal  is  essentially  completely  random.  Slower  fading 
reappears  at  2158:45,  and  uniform  Faraday  rotation  resumes  at  2159:10. 

Close  study  of  the  region  of  rapid  scintillation  on  an  expanded  scale  reveals 
that  the  amplitudes  of  successive  pulses  are  essentially  uncorrelated,  indicating 
the  presence  of  fading  with  frequency  greater  than  P  Hz. 

(Sj  The  disappearance  of  the  regular  Faraday  fading  indicates  the  presence 
of  phase  scintillations  greater  than  1  radian,  and  this  experiment  therefore 
provides  a  sensitive  indication  of  the  presence  of  ASF  and  of  its  geographic 
extent.  One  radian  of  phase  fluctuation  at  this  frequency  would  correspond 
to  about  0.2  radians  at  150  MHz,  and  therefore  about  14%  amplitude  fluctuation 
for  fully  developed  scintillations,  in  general  accord  with  the  results  of 
Section  2  and  of  previous  Prairie  Smoke  tests. 

2.4  Fine  Structure  (U) 

(S)  Careful  examination  of  scintillations  at  ISO  MHz  from  orbiting  satellites 
whose  LOS  passes  through  the  disturbed  region  shows  a  predominant  fading  period 
of  about  .2  to  .5  sec,  produced  by  the  interaction  of  the  satellite  motion 
and  a  relatively  fixed  pattern  of  ionospheric  irregularities.  The  auto- 
con  cl  ?.tion  function  of  the  amplitude  fading  won  be  determined  by  playing 
back  analog  tape  recordings  of  the  scintillating  signal  and  digitizing  using 
a  PI)P-8I-;  minicomputer.  When  a  detector  time  constant  of  2  msec  is  used,  the 
autocorrelation  function  is  typically  found  to  be  displayed  in  Figure  2.10, 
as  the  .sum  of  two  approximately  Gaussian  functions.  The  «-;der  of  these  cor¬ 
respond;.  to  the  predominant  fading  referrid  to  above.  The  narrower  component 
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and  cross -correlations  showing  fine  structure  (S) 
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one  miglit  attribute  to  noise  or  to  some  amplitude  modulation  on  the  satellite 

signal.  However,  its  cross- corn;; lation  function  between  two  spaced  antennas 

shows  (Figure  2.10)  a  similar  double  Gaussian  function,  but  with  a  maximum 

".splaced  about  32  msec.  This  can  only  mean  that  the  rapid  fading  arises 

because  of  small  structure  in  the  ionosphere,  of  the  order  of  10  m  or  lesi 

.  ,.  1 

in  the  width  of  its  spatial  autocorrelation  function.  The  study  of  this 
fine  structure  will  be  pursued  to  see  if  it  can  be  directly  correlated  with 
irregularities  associated  with  HF  and  VHF  field-aligned  backsc.' cter. 
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5.  PREIIMINARY  DATA  FROM  PRAIRIE  SMOKE  IV  fU) 


3.1  Introduction  (U) 

(S)  Since  the  major  emphasis  in  Prairie  Smoke  IV  was  to  be  the  gathering  of 
data  for  a  yield  model,  emphasis  was  placed  on  obtaining  scintillation  data 
from  geostationary  satellites.  In  this  way  time  variations  of  the  scintillation 
index  could  be  followed  continuously.  The  experimental  plan  included  the 
simultaneous  use  of  two  geostationary  field  sites;  one  located  so  that  the 
line  of  sight  passed  directly  through  the  center  of  the  distrubed  region,  the 
other  mobile  station  moving  to  locations  to  the  west  and  south  of  the  fixed 
station  to  map  yield  properties  of  other  parts  of  the  disturbed  volume. 

(S)  Unfortunately,  extremely  heavy  snow  throughout  the  experimental  period 
prevented  use  of  the  mobile  field  station  and  somewhat  impaired  the  operation 
of  the  field  equipment.  In  addition,  the  heating  transmitter  itself  suffered 
serious  difficulties  from  the  weather.  Therefore,  no  orbital  data  were  ob¬ 
tained.  and  only  limited  geostationary  data.  These  are  described  in  the  fol¬ 
lowing  section. 

3 . 2  Preliminary  fieostationary  Data  (U) 

(S)  ilie  optimum  Ivication  for  geostationary  observations  using  the  ATS  5 
satellite  is  in  the  neighborhood  of  Lance  Creek,  Wyoming.  However,  the  dis¬ 
tance  of  that  point  and  the  extreme  difficulty  of  access  during  the  heavy 
snow  conditions  during  Prairie  Smoke  IV  dictated  a  location  somewhat  further 
south.  The  fixed  and  mobile  field  stations  were  in  place  from  Nevenber  28  to 
December  9,  1972.  Good  geostationary  scintillation  observations  using  real¬ 
time  chart  recordings,  analog  magnetic  tape  and  digital  tape  data  were  ob¬ 
tained.  Preliminary  scintillation -index  data  are  shown  in  Figures  3.1  and  3.2. 
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(S)  After  some  initial  difficulty  «ith  the  hardware  interface,  the  soft¬ 
ware  for  processing  the  digital  data  on  the  PDP-8E  computer  has  been  com¬ 
pleted,  and  the  final  data  for  Prairie  Smoke  IV  will  use  the  much  more  ac 
curate  results  commuted  from  those  dati.'. 
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4.  MOBILE  DIAGNOSTICS  FOR  PRAIRIE  SMOKE  (U) 

4.1  Introduction  (U) 

(S)  The  measurement  of  the  horizontal  extent  of  the  disturbed  region  over  an 
ionospheric  heater  is  of  great  importance  in  establishing  models  suitable  for 
system  studies.  Four  types  of  experiments  have  been  available  to  give  this 
information; 

1 .  Monostatic  radar  scatter  from  stations  south  of  Platteville  (e.g., 

Wiite  Sands  or  Albuquerque,  New  Mexico) 

(S)  The  range  depth  of  the  irregularities  is  partly  limited  by  the  latitudinal 
extent  of  the  heated  region;  however,  the  orthogonality  (or  height -matching 
condition  tends  to  be  even  more  limiting  unless  a  large  number  of  receiving 
sites  are  used. 

2 .  Optical  diagnostics  of  red-line  emission 

(S)  In  nighttime  experiments  with  0-wave  heating,  the  horizontal  distribution 
of  the  6300A  line  can  be  measured  and  correlated  with  RF  observations.  However, 
sufficient  observations  of  this  kind  are  not  yet  available  to  set  the  relation¬ 
ship  with  confidence. 

3 .  Orbi  tal  satellite  transmission  data 

(S)  This  technique  has  two  limitations:  first,  it  measures  irregularities 
averaged  along  the  line  of  sight,  and  second,  its  sensitivity  diminishes  as 
the  angle  between  the  line  of  sight  and  the  magnetic  field  increases.  How¬ 
ever,  it  can  give  useful  data  if  information  is  available  about  the  altitude 
distribution  of  the  irregularities. 
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1.  Circular  phased  arra^' 

(S)  This  measures  the  cone  angle  ol  HF  reflections  from  the  ionosphere,  but 
the  geometry  of  the  reflections  becomes  less  favorable  with  increase  of  angle 
to  the  vertical;  therefore,  irregularities  far  from  overhead  the  heater  appear 
differently  than  those  immediately  overhead. 

(S)  One  of  the  most  sensitive  diagnostics  for  operation  at  a  fixed  location 
is  the  vertical-incidence  ionosonde.  It  therefore  seems  appropriate  to  in¬ 
vest  iga»^e  whether  a  mobile  ionosonde  may  give  useful  information  about  the  hori¬ 
zontal  extent  of  the  disturbed  region.  Two  approaches  to  this  problem  have 
been  used  successfully;  the  first  using  an  airborne  ionosonde  flying  in  a  north- 
south  path,  the  second  using  a  polar-orbiting  topside  sounder  satellite.  These 
two  experiments  are  described  in  Sections  4.2  and  4.3. 

4.2  Airborne  Experiment  (U) 

(S)  The  purpose  of  this  experiment  was  to  determine  the  feasibility  of  using 
an  aircraft-borne  ionosonde  to  determine  the  horizontal  extent  of  the  F2  layer 
over  which  spread-F  effects  were  visible. 

IS)  Through  contact  with  Dr.  G.  J.  Gassmann  of  the  Ionospheric  Physics  Labora¬ 
tory  of  AFCRL,  the  AFCRL  aircraft  was  flown  over  the  Platteville  area  on  March  29 
and  31,  1971.  The  aircraft  was  supervised  by  Dr.  Gassmann;  and  the  ground- 
based  operations  were  in  the  charge  of  Mr.  E.  J.  Violette  of  the  Office  of 
Telecommunications , 

(S)  At  an  initial  planning  meeting  with  Dr.  Gassmann  and  Dr.  W.  F.  Utlaut,  a 
magnetic  north-south  path  was  laid  out  over  two  VOR  beacons  passing  about  5  km 
east  of  Platteville.  Five  reference  points  were  selected  along  this  line, 
numbered  consecutively  passing  from  south  to  north  as  follows: 
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1  Southmost  point 

60  km 

2  Denver  VOR 

35  km 

Platteville 

38  km 

3  Gill  VOR 

60  km 


4 


60  km 

5  Northmost  point 

Distances  are  indicated  between  the  successive  points. 

(S)  The  experiment  matrix  is  shown  in  on  Figure  4.1.  In  each  case,  the  air¬ 
craft  flew  in  a  magnetic  north-soutli  direction  for  about  a  three-hour  period 
in  the  morning.  The  appropriate  times  at  which  it  passed  each  of  the  points 
1  through  5  are  indicated  on  Figure  4.1.  The  heating  transmitter  was  at  8.8  MHz 
on  March  29,  radiating  extraordinary  mode.  On  March  31,  the  transmitter  radiated 
ordinary  mode  on  6.82  MHz.  In  each  case,  the  aircraft  scans  continued  both 
before  the  onset  of  heating  and  following  its  termination. 


(S)  Airborne  ionosondes  are,  of  course,  more  susceptible  to  broadcast  inter¬ 
ference  than  ground  installations,  because  of  their  less  directed  antenna  and 
the  smaller  attenuation  of  the  direct  signal  from  the  stations.  However,  spread 
can  be  clearly  seen.  Figure  4.2  is  a  ground  ionogram  showing  substantial  arti¬ 
ficial  spread  F  (ASF)  and  Figure  4.3  is  the  corresponding  aircraft  ionogram. 

All  the  effects  visible  on  the  groiond-based  ionosor.d*;  can  also  be  seen  on  the 
aircraft  ionosonde.  For  comparisoia,  Figv.res  4.4  and  4.5  show  correspondinj^ 
ground-based  and  aircraft-bome  ionograms  before  the  heating  commenced.  TTie 
most  prominent  feature  with  0-wave  heating  is  range  spreading  on  both  the  0  and 
X  traces.  However,  the  characteriiJtic  absorption  of  the  0-wave  is  also  visible 
between  the  heating  frequency  and  the  (higher)  foF2.  To  provide  some  numerical 
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MARCH  29,1971 


TRANSMITTER  ON  8.8  MHz,  EXTRAORDINARY 


MARCH  31,  1971 


TRANSMITTER  ON  6.82  MHz,  ORDINARY 

Figure  4.1  Aircraft  ionosonde  experiment  matrix  (S) . 
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index  of  this  spread,  the  width  of  the  extraordinary  trace  was  measured  at  a 
frequency  immediately  above  its  separation  from  the  0-wave  trace.  A  plot  of 
this  quantity  versus  time  for  the  first  northward  and  southward  flight  with 
the  heater  on  are  shown  on  Figure  4.6.  The  trace  width  for  the  ground  ionosonde 
increases  rapidly  following  heater  switchon,  and  remains  high  throughout  the 
remaining  time  (though  with  some  decrease  at  about  0925  MST) .  On  both  the 
northward  and  southward  pass,  the  airborne  ionosonde  trace  shows  a  maximum 
width  directly  over  the  heater,  decreasing  to  about  half  its  value  about  100  km 
north.  However,  on  both  traces  a  rather  sharp  southern  boundary  is  seen  with 
the  width  decreasing  by  a  factor  of  two  between  about  50  and  80  km  south  of 
Platteville,  reaching  its  undisturbed  value  about  90  km  south.  At  100  km 
north,  the  width  is  still  about  50  percent  above  its  undisturbed  value. 

(S)  On  the  other  day  (March  29),  X-wave  heating  was  used  with  the  heater  fre¬ 
quency  above  fxF2  in  the  early  part  of  the  flight,  but  below  fxF2  after  1056  MST. 
Using  a  numerical  index  for  values  from  0  to  2.5  depending  on  the  appearance 
of  extra  traces  and  spread  on  the  ionogram  (Table  4.1),  graphs  for  this  in¬ 
dex  are  obtained  as  shown  in  Figure  4.7.  In  the  first  three  of  the  north 
south  passes,  essentially  zero  disturbance  is  seen  in  a  region  more  or  less 
centered  over  the  heating  transmitter,  exactly  as  one  expects  given  a  toroidal 
or  "doughnut-shaped"  disturbed  region.  Such  a  region  is  expected  if  a  disturbance 
is  produced  only  where  the  heater  wave  is  reflected;  namely,  somewhat  obliquely 
if  the  heater  frequency  is  above  fxF2.  On  the  fourth  scan,  a  disturbed  X 
trace  is  seen  as  much  as  120  km  north  of  the  heater  transmitter. 

(S)  It  is  concluded  that  an  aircraft -borne  ionosonde  is  capable  of  mapping 
the  horizontal  extent  of  ASF  under  a  heated  ionosphere,  though  the  quality  of 
the  ionograms  is  not  as  good  as  from  a  ground  ionosonde. 
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Figure  4.6  lonogram  trace  width  on  .'(ardi  31,  1971, 
0-mode  heating  (S) 
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Table  4.1 

Numerical  disturbance  indices  for  X-mcde  (U) 

0.5  Dual  0  ♦  X  F-traces 

1.0  Spread  0  F-trace 

1.25  Spread  0  F-trace 

plus  dual  traces 

1.5  Spread  X  F-trace 

plus  dual  trace 

2.0  Spread  0  X  F-traces 

2.5  Spread  0  +  X  F-traces 

plus  dual  traces 
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Figure  4.7  lonogram  trace  width  on  March  31,  1971 
X-mode  heating  (S) 
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4.3  Satellite  Experiment  (U) 

CS)  Since  ASF,  in  common  with  naturally  occurring  spread  F,  seems  to  extend 
in  a  field-aligned  manner  throughout  the  F  layer,  it  seems  reasonable  to  sup¬ 
pose  that  it  is  visible  in  the  topside  as  well  as  the  bottomside  of  the  layer. 

Four  topside  sounders  are  presently  in  orbit;  Alouette  1  and  II  and  ISIS 
(International  Satellite  for  Ionosphere  Studies)  I  and  II  (see  Table  4.2). 

These  contain  sounders  which  sweep  continuously  in  frequencies  up  to  20  MHz, 
recording  the  "virtual  depth"  of  the  return  from  the  topside  of  the  F  layer. 

(S)  At  1408  MST  on  April  10,  1972,  the  satellite  ISIS  tt  --^sed  23  km  to  the 
east  of  Platteville  at  an  altitude  of  1423  km,  in  a  wouthward  direction;  its 
maximum  elevation  at  Platteville  was  89  deg.  lonograms  were  taken  at  22.5  sec 
intervals,  and  telemetered  to  the  Ottawa  readout  station. 

(S)  Figure  4.8  shows  a  sequence  of  five  such  ionograms  t.iken  at  equal  intervals 
around  the  time  of  transit  over  the  heater  transmitter.  Virtual  depth  in¬ 
creases  upwards  (height  markers  are  at  100  km  intervals)  and  frequency  in¬ 
creases  to  the  right,  to  emphasize  the  resemblance  to  conventional  ionograms. 

The  value  of  foF2  increases  from  9.4  to  10.4  MHz  from  beginning  to  end  of  the 
sequence;  frequency  markers  are  at  1  Mili  intervals  in  that  vicinity.  Figure  4.8 
(e) ,  with  the  satellite  substantially  south  of  Platteville,  shows  very  thin 
and  well-defined  0  and  X  traces;  as  does  Figure  4.8  (a),  for  which  it  was  to  the 
north,  l-igures  4.8  (b)  and  (c)  on  the  other  hand,  show  very  substantial  spread  of 
the  0  and  X  traces  surrounding  the  time  of  transit  over  Platteville.  The  mis¬ 
sing  portions  of  these  traces  (including  the  0  and  X  penetration  on  Figure  4.8  (d)) 
are  due  to  satellite  roll  placing  the  null  of  the  satellite  transmitting  antenna 
towards  the  ground.  The  total  elapsed  distance  for  the  five  traces  is  about 
60h  km. 
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Table  4.2 


Satellite 

Apogee 

(km) 

Perigee 

(km) 

Inclination 

(deg) 

Lowest 

Sounder 

Frequency 

(MHz) 

Alouette  I 

1000 

1000 

80 

0.5 

Alouette  II 

3000 

500 

79 

0.1 

ISIS  I 

3500 

500 

90 

0.1 

ISIS  11 

1420 

1420 

90 

0.1 
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Figure  4.8  Topside  sounder  ionogram  sequence  (S) 
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Figure  4.8  Topside  sounder  ionogram  sequence  (S) 
(concluded) 
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(S)  Because  the  spread  of  the  0  and  X  traces  is  comparable  ^ith  that  normally 
observed  on  ^  ground-based  ionogram,  it  is  concluded  that  ASF  is  at  least  as 
stiong  on  the  topside  oi  the  F  layer  as  on  the  bottomside,  and  is  not  con¬ 
fined  to  heights  in  the  neighborhood  of  the  reflection  height  of  the  heater. 

It  is  further  concluded  that  the  topside  sounder  can  be  used  to  map  the  hori¬ 
zontal  extent  of  the  disturbed  region;  though  a  fixed-frequency  mode  will  give 
improved  spatial  resolution. 
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S.  SYMMETRICAL  BISTATIC  GEOMETRY  TO  MAXIMIZE  TOTAL  CROSS  SECTION  (U) 

5.1  Introduction  (U) 

(S)  Many  monostatic  studies  have  been  made  of  field-aligned  scatter  from  small- 
scale  irregularities  due  to  ionospheric  heating,  with  the  radar  located  in  the 
same  magnetic  meridian  ot  the  heater,  but  considerably  to  the  south.  For  this 
geometry,  the  surface  of  orthogonality  is  dome-shaped,  as  calculated  by  Thome 
(Proceedings  of  Prairie  Smoke  I  RF  Measurements  Data  Workshop,  p.  65),  with 
the  peak  of  the  dome  considerably  to  the  north  of  Platteville.  Consequently, 
the  orthogonality  surface  (or  h^  surface)  slopes  downwards  to  the  south  over 
Platteville.  As  shown  by  Bowhill  (Proceedings  of  Prairie  Smoke  RF  Scatter 
Model  Workshop,  pp.  105-110)  this  results  in  a  substantial  reduction  in  the 
total  scattering  cross  section,  in  that  the  relatively  thin  (about  25  km  thick) 
region  of  irregularities  is  intercepted  by  the  hp  surface  over  a  relatively 
small  fraction  of  the  total  disturbed  area.  Therefore,  any  configuration  which 
flattens  t.ie  hp  surface  enhances  the  scattering  cross  section.  To  put  it  another 
way,  the  requirement  is  to  move  the  Thome  dome  in  the  hp  surface  so  that  it  is 
centered  over  Platteville  at  the  altitude  of  the  disturbed  region. 

(S)  In  Section  5.2,  it  is  shown  vhat  this  can  bo  accomplished  by  a  proper  choice 
of  bistatic  angle;  and  that  too  large  a  bistatic  angle  will  produce  an  hp  surface 
which  slopes  downwards  to  the  north  rather  than  to  the  south. 

5 . 2  Geometry  of  the  Problem  (U) 

(S)  The  magnetic  field  model  adopted  is  a  simple  dipole,  to  permit  an 
analytical  solution  to  the  problem.  The  Cartesian  coordinate  system  has  the 
dipole  as  the  x  axis,  with  the  magnetic  equator  in  the  (y,z)  plane;  the  (x,z) 
plane  passes  through  the  center  P  of  the  disturbed  region  and  defines  the  prime 
magnetic  meridian.  The  points  Q,  Q'  on  the  earth's  surface  which  form  the 
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tatic  pair  have  magnetic  latitude  0^  and  magnetic  longitudes  of  (<>  and 
=  magnetic  latitude  of  P 
<5  =  magnetic  dip  at  P 

R  *  earth  radius 

h  =  height  of  P  above  earth's  surface 
£  =  earth's  magnetic  flux  density  at  P. 

Then 


-0. 


=  B  cos(6+0p 

B,  =  0 

B^  *  -B  sin(6+0p 

Coordinates  of  P  are  [(R*h)sin  Oj.  0,  (R.h)cos  e,) 

Coordinates  of  Q  are  (R  sin  6^.  R  cos  8^  sin  f.  R  cos  8^  cos  *] 

and  the  components  of  the  vector  P^  are: 

[PQ]^  =  R  sin  02  -  (R*h)sin  0, 

[PQ]^  =  R  cos  02  cos  i  -  (R+h)cos  0. 

The  orthogonality  condition  is  Pg^  .  B  =  0,  or 

B^fPQlx  B^(RQ]^  =  0.  or 

R  sin  02  cos(6  +  0p  -  R  cos  02  cos  sin(6+0j)  +  (R+h)sin  6  =  0.  (Ij 

Now  let  us  determine  the  condition  that  the  h^  surface  is  flat;  namely,  that 

3h/30j  -  0.  Let  the  rate  of  change  of  dip  with  latitude  be  u  =  36/30^.  It 
follows  that 

-l<(l*u)sin  8^  Sln(6.8,)  -  R(l,u)cos  8,  cos  8  „os(6.8p  ♦  u(R.h)  cos  8  0.  (2) 

Equations  (1)  and  (2)  can  be  solved  for  and  ♦  as  foUovs: 

®2  ■  SnW  ®1  -  «  co»(«*8i))  (3) 


cos  (;>  cos  02 


R+h 

rTTHIT  ®l 


♦  sin  6  sin(6+0j)J  . 
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From  F.quations  (3)  and  (4),  magnetic  latitudes,  d2>  longitudes  4i,  can  be 
calculated  for  points  Q  that  satisfy  the  orthogonality  and  h^-surface  flat¬ 
ness  conditions  simultaneously 
(S)  For  a  dipole  field, 

0j  =  arc  tan  (1/2  tan  6) 
u  =  (U3  cos^  6)/2. 

As  an  example,  values  of  62  and  are  given  in  Table  5.1  for  magnetic  dips 
6  of  68.2“  and  68.5“,  the  range  typically  assumed  for  Platteville.  For  com¬ 
parison,  the  magnetic  latitude  of  White  Sands  is  about  41.1“. 
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Table  5.1 

bistatic  coordinates  (U) 


6  « 

68.2“ 

6  * 

4> 

37.60 

17.67 

38.19 

37.74 

16.77 

38.33 

37.87 

15.82 

38.47 

38.01 

14.81 

38.60 

38.14 

13.71 

38.74 

38.28 

12.51 

38.88 

38.41 

11.19 

39.02 

38.55 

9.67 

39.16 
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6.  CONCLUSIONS  (U) 

^’•1  Conclusions  from  Prairie  Smoke  III  (U) 

(S)  Wide-spaced-reciever  studies  of  orbital-satellite  scintillations  during 
I'rairie  Smoke  III  have  demonstrated  two  types  of  ASF  distribution  around  the 
heater  transmitter.  The  first,  associated  with  very  substantial  distortion 
of  the  gross  electron  density  contours,  is  dcughnut-shaped  and  displaced  from 
the  meridian,  the  other,  associated  with  a  smoother  electron  density  distri¬ 
bution,  accords  with  the  more  classical  picture  of  a  Gaussian  distribution 
of  ASF,  centered  on  the  heater  location. 

(oj  Transmission  experiments  at  30  and  50  MHz  using  pulsed  beacon  satel¬ 
lites  show  rapid  and  complex  fading  of  a  relatively  wide  region  surrounding 
the  heater  transmitter,  with  much  deeper  scintillation  than  found  at  higher 
frequancios . 

(S)  Fine  structure  (less  than  10  m)  has  been  unambiguously  detected  for  the 
first  time  using  the  satellite  transmission  experiment. 

0.2  Conclusions  from  Prairie  Smoke  IV  (U) 

(S)  Structure  variations  rf  the  scintillation  index  of  a  geostationary  satel¬ 
lite  signal  were  observed,  which  appear  to  be  correlated  with  changes  in  trans¬ 
mitter  power  and  frequency.  Detailed  conclusions  Bwait  completion  of  the 
analysis . 

0 •  Conclusions  from  Mobile  Diagnostics  (U) 

(S)  From  the  aircraft  and  ionosonde  diagnostics  described  in  Section  4,  it 
appears  that; 

1)  A  properly  instrumented  aircraft-bome  ionosonde  can  map  the  horizontal 

extent  and  intensity  of  ASF. 

2)  The  southern  boundary  of  ASF  is  about  90  km  south  of  Platteville,  and  the 

northern  boundary  is  more  than  100  km  north. 
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3)  The  southern  boundary  is  somewhat  more  abrupt  than  the  northern. 

4)  When  the  heater  frequency  is  above  foF2^  the  disturbed  region  is  dough¬ 

nut  shaped,  with  the  hole  centered  approximate*’ y  over  Platteville. 

5)  Topside  sounder  satellites  are  capable  of  detecting  ASF,  though  hampered 

by  the  relative  infrequency  of  their  sweep  in  relation  to  the  satellite 
velocity . 

6)  ASF  was  found  to  be  at  least  equally  intense  when  seen  from  the  topside 

as  when  seen  from  the  bottomside  of  the  F  layer,  supporting  the  concept 
that  the  electron  density  fluctuations  in  ASF  art  proportional  to  the 
electron  density  throughout  the  F  layer. 

6.4  Conclusions  Concerning  Optimum  Bistatic  geometry  (U) 

(S)  It  has  been  shown  that  there  is  a  particular  bistatic  geometry  which 
will  produce  a  flat  h^  surftoe  at  a  prescribed  height  in  the  F  region  over  a 
heating  transmitter,  thereby  giving  a  maximum  total  scattering  cross  section. 

As  an  example,  the  path  Brownsville,  Tex.  -  Platteville,  Colo.  ■  San  Diego, 

Cal.  is  close  to  optimum  for  this  magnetic  field  model.  Tlie  following  sug¬ 
gestions  follow  from  this  analysis: 

1)  Yield  measurements  for  bistatic  geometry  must  be  corrected  for  the  effects 
of  a  sloping  hp  surface; 

2)  Systems  planners  should  note  the  range  constraints  indicated  for  bistatic 
operation ; 

3)  Calculations  should  be  repeated  for  other  than  the  dipole  model; 

4)  The  tilt  of  the  hp  surface  is  not  a  significant  factor  for  a  heater  lo¬ 
cated  on  the  magnetic  equator. 

6.5  Overall  Summary  (U) 

(S)  Characteristics  of  the  scintillations  observed  to  date  are  summarized  in 
Table  6.1.  Table  6.2  summarizes  aspects  of  the  phenomenon  which  are  not  yet 
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Table  6 . 1 


Highlights  of  transiuission  experiment  results  (U) 


FIELD-ALIGNED  STRUCT'RE  GIVES  STRONG  VHP  AND  UHF  SCIWTILLATICiiS 
UP  TO  400  MHz 

SCINTILLATIONS  MAXIMIZE  AROUND  UPFIELD  DIRECTION 

FADING  DEPTH  VARIES  INVERSE  ,Y  WITH  FREQUENCY 

TRANSVERSE  SCALE  'v-  100  m,  CONVECTS  WITH  PLASMA  MOTION  (20-50  m 

STRUaURE  EXTENDS  200  TO  450  KM  ALTITUDE 

EXTENDS  HORIZONTALLY  50  TO  100  KM  RADIUS 

REGION  SOMETIMES  DOUGHNUT-SHAPED 

MICROSTRUCTURE  10  m  OR  LESS  HAS  BEEN  SEEN 
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Table  6.2 


Future  studies  needed  of  ASF  using  the  transmission  experiment  (S) 


HEIGHT  DISTRIBUTION 

ASPECT  DEPENDENCE  (CLOSE  TO  UPFIELD) 

DETAILED  CORRELATION  FUNCTIONS  IN  TIME  AND  SPACE 

YIELD  STUDIES 

HORIZONTAl,  MORPHOLOGY 

OTHER  LATITUDES  (EQUATORIAL,  AURORAL) 
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understood;  some  of  these  are  currently  under  study  and  will  be  described 
in  future  reports. 
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APPENDIX 

IVORY  CORAL  APPLICATIONS  AND  DIAGNOSTICS  (U) 


ABSTRACT  (u) 


(S)  Studies  are  described  on  four  experiments  that  may  play  a  role 
in  IVORY  CORAL  studies  of  the  heated  ionosphere.  These  are  a  study  of 
a  mobile  heater  facility;  a  remote  experiment  to  study  conjugate-point 
effects;  a  transmission  experiment  using  orbital  and  geostationary  satel¬ 
lites;  and  a  rocket  aperture-synthesis  experiment. 
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1.  MOBILE  FACILITY  RECOMMENDATIONS  (U) 

(S)  This  section  describes  the  results  of  some  studies  carried  out  on  the 
utility  and  criteria  for  the  design  of  a  mobile  heater  facility. 

1 . 1  Introduction  (^U) 

(S)  At  the  IVORY  CORAL  Data  Workshop  in  Albuquerque,  a  V.'..’  '  Group  was 

appointed  to  consider  the  desirability  of  procurement  by  ARPA  of  a  mobile 
heating  facility.  The  Working  Group  consisted  of  S.  A.  Bowhill  (Chairman), 

V.  J.  Coyne,  J.  B.  Frazer,  and  W.  F,  Utlaut.  The  Working  Group  had  available 
to  it  the  results  of  an  unclassified  study,  "Transportable  HF  Transmitter 
Module",  prepared  by  MITRE  Corporation. 

(S)  The  Working  Group  first  considered  the  definition  of  a  mobile  facility, 
and  concluded  that  the  degree  of  mobility  represented  by  the  MITRE  study  (namely, 
each  module  packaged  onto  two  trailers)  might  not  be  necessary,  in  view  of  the 
fact  that  deployment  of  the  antenna  would  probably  be  the  limiting  factor  in  any 
case.  For  a  land-beised  facility,  it  seemed  that  moving  the  facility  by  truck 
or  by  air  to  an  already  available  (or  specially  constructed)  steel  building 
might  be  worth  considering  as  a  much  cheaper  alternative. 

(S)  The  Working  Group  further  decided  that  a  shipboard  installation  (that  is 
to  say,  a  module  capable  of  being  mounted  on  a  vessel  of  the  order  of  the  size 
of  an  escort  carrier)  could  not  be  ruled  out.  This  is  further  discuased  in 
Section  1.2. 

1 .2  Justification  for  a  Mobile  Facility  (U) 

(S)  In  considering  the  question  of  whether  a  mobile  facility  is  needed,  it  is 
necessary  to  ask  whether  the  scientific  or  applications  aspects  of  the  IVORY 
CORAL  phenomenon  require  experimental  configurations  that  cannot  be  provided  by 
the  existing  installations  at  Platteville  and  Arecibo.  The  fallowing  seem  to 
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be  the  major  areas  where  such  a  facility  is  required; 

(S)  a.  Research  tool-The  Investigation  of  the  scattering  properties  of  arti¬ 
ficial  spread  F  (ASF)  and  wide-hand  attenuation  (WBA)  as  a  function  of  latitude, 
particularly  at  high  and  low  latitudes,  cannot  be  accomplished  with  the  present 
installation,  and  a  systematic  program  using  a  mobile  facility  is  needed  to 
gather  the  basic  information  for  carrying  out  realistic  systems  studies.  Of 
equal  importance  is  the  experimental  determination  of  yield  (namely,  the  amou 
of  ASF  and  WBA  produced  for  a  given  heating  power  density  in  the  ionosphe  ) 


as  a  function  of  latitude  for  different  conditions  of  ionospheric  disturbance 
and  heating  frequency. 

(S)  b.  Deployment  adjacent  to  large  fixed  systeir--For  applications  evaluation, 
it  is  important  to  be  able  to  deploy  a  heating  transmitter  at  a  suitable  range 
and  direction  from  an  operational  system.  For  example,  studies  involving  east- 
coast  HF  radar  systems  cannot  be  satisfied  by  the  Platteville  heater.  As 
example,  deployment  and  testing  against  ABM  systems  requires  setting  up  a  heater 

in  the  general  vicinity  of  KMR. 


(S)  c.  Deployment  adjacent  to  nonportable  probing  facilitie_s--Studies  of  the 
IVORY  CORAL  phenomenon  by  large  radar  systems  (such  as  PAR)  or  their  study  by 
rocket  beacon,  or  probes  (should  this  be  judged  necessary)  would  require  setting 
up  a  mobile  heater  at  a  suitable  location. 

(S)  d.  Appiqr.tinns  tests  at  remote  location^-There  are  certain  applications 


where  it  will  prove  necessary  to  set  up  a  heater  at  a  definite  fixed  location. 
For  example,  if  strong  conjugate-point  effects  are  seen,  it  would  be  desired  to 
locate  a  mobile  heater  (probably  ship-borne)  at  the  geomagnetic  point  to  the 
critical  ionospheric  location  for  an  operational  system. 

(S)  e.  New  concept  testing--A  mobile  facility,  particularly  if  constructed  on 
the  modular  concept,  would  prove  very  useful  for  testing  new  aspects  of  ASF  or 
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isRA,  lOr  example,  the  use  of  tliinned  antenna  arrays  to  produce  a  high  energy 
density  for  the  same  input  power, 

1  .  3  ;•  cat ji res^  Requ i r^d  in  a  Mobile  Facility  (U) 

(S)  The  question  of  the  characteristics  required  for  a  mobile  facility  was 
discussed  at  some  length.  It  was  agreed  that  a  power  in  the  range  150-500  kw 
would  be  the  most  appropriate,  depending  on  the  type  of  antenna  used. 

(S)  In  both  the  ITS  and  MITRE  designs,  the  antenna  cost  is  a  small  fraction  of 
the  cost  r,f  the  transmitter,  while  maximizing  the  energy  density  in  the  iono¬ 
sphere  for  a  fixed  dollar  expenditure  would  require  approximately  equal  invest¬ 
ments  in  the  antenna  and  the  transmitter.  Therefore,  much  larger  antennas  should 
be  considered.  Steerability  is  not  required  for  the  mobile  facility,  and  open- 
wire  line  should  be  considered  as  an  alternative  to  the  very  expensive  coaxial 
cable  of  the  MITRE  study;  or,  alternatively,  cheap  coaxial  line  of  the  kind  used 
by  ITS  might  be  employed. 

>.S)  It  was  felt  that  the  concept  of  an  automatic- tur.lng  transmitter  with  modula¬ 
tion  capability  should  be  retained  from  the  MITRE  study. 

1 . 4  Recommendations  (U) 

(S)  From  all  of  the  above  considerations,  the  Working  Group  made  the  following 
recommendations : 

a.  ARPA  should  procure  a  mobile  heating  transmitter  with  the  features 
described  in  Section  1.3,  but  less  elaborately  mobile  than  the 
MITRE  facility  and  having  a  substantially  reduced  cost. 

b.  In  conjunction  with  this  procurement,  ARPA  should  arrange  for  a 
study  of ‘antenna  concepts  leading  to  a  revised  antenna  design 
for  the  mobile  facility. 

c.  A  study  should  be  made  of  the  most  appropriate  auxiliary  instrumenta¬ 
tion  (eg.,  radio,  optical,  magnetometric)  to  accompany  the  mobile  facility. 

d.  The  facility  design  should  be  compatible  with  ship-bome  operation. 
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2.  REMOTE  EXPERIMENT  (U) 

2  .  1  Introduction  (IJ) 

fS)  An  experiment  to  investigate  southern-latitude  conjugate-point  effects 
generated  by  ionospheric  heating  was  suggested  by  Bowhill,  al.-  (1971a)  in 
Section  3  of  that  report  (dated  January  1971).  Noting  that  the  ground-based 
ionosonde  gave  what  appeared  to  be  the  most  sensitive  indication  of  ASF,  it  was 
decided  to  explore  whether  an  airborne  ionosonde  could  be  used  at  the  conjugate 
point.  To  this  end,  an  experiment  was  carried  out  over  Boulder  in  January  1971, 
to  determine  whether  an  airborne  instrument  would  prove  satisfactory.  The  re¬ 
sults  of  this  experiment  wer'  described  in  a  later  report  (Bowhill  1971b,  Sec¬ 
tion  3).  It  appeared  that  the  ionosonde  used  would  prove  satisfactory;  however, 
that  aircraft  is  heavily  committed  to  other  programs,  so  alternative  arrange¬ 
ments  were  sought. 

2 . 2  Planning  for  Remote  Experiment  (U) 

(S)  During  the  IVORY  CORAL  1971  Planning  Session,  discussions  were  held  con¬ 
cerning  implementation  of  the  remote  experiment.  Contributions  were  made  by  D.  M. 
Kerr  and  J.  II.  Wolcott  (LASL);  A.  M.  Peterson  (SRI);  J.  R.  Davis  (NRL) ;  and  V.  J. 
Covne  (RAUC) . 

(Sj  it  was  noted  that  the  AFCRL  aircraft-borne  ionosonde  system  was  found  to  be 
al)le  to  detect  ASF  even  in  the  presence  of  rather  severe  radio  interference.  In 
regard  to  this  interference,  two  points  can  be  made.  Firstly,  the  interference 
at  the  conjugate  point  is  certain  to  be  much  less,  as  it  is  far  from  land  in  all 
directions;  and  secondly,  the  use  of  a  "chirp"  ionosonde  (rather  than  the  con¬ 
ventional  ionosonde  in  the  AFCRL  aircraft)  should  give  improved  protection  against 
such  interference. 

(S)  Accordingly,  it  was  decided  to  recommend  aircraft  measurements  at  the  magnetic 
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coniiigalc  point  to  Boulder  with  an  aircraft-borne  instrument  consisting  of  a 
vertical -incidence  sounder  (preferably  of  the  chirp  type),  a  magnetometer  to  look 
ror  micropulsation  activity  (Bowhill,  1971a)  and  perhaps  some  optical  observa¬ 
tions  (eg.,  6300  A  red  line,  and  near  infrared).  LASL  expressed  an  interest  in 
the  experiment,  and  would  have  no  difficulty  in  carrying  out  optical  experiments 
or  carrying  a  magnetometer.  In  addition,  they  have  just  installed  in  their  i\C-135 
a  vertical-incidence  chirp  sounder  manufactured  by  AVCO  Corporation. 

(S)  The  latitude  and  longitude  of  the  conjugate  point  to  Boulder  (40.03  N,  105.3b' 
arc  (see  Bowhill,  19/la)  as  54. 4  S,  131.9  W.  Special  calculations  have  been  run 
by  LASL  assuming  a  heated  point  at  200  km  altitude,  40.01  N,  105.28  W  for  epoch 
1971.797,  using  two  magnetic  field  models.  Locations  found  for  the  conjugate 
point  are  as  follows: 

GSFC  12-66  model:  54.66  S,  131.36  W 

POGO  8-69  model:  55.08  S,  131.90  W 

Hie  GSFC  12-66  calculated  point  is  shown  as  the  point  P  on  Figure  2.1.  Evidently, 
it  is  far  from  land  in  any  direction.  Studies  of  the  problem  of  reaching  it  from 
a  number  of  available  airfields  have  been  made  by  J.  H.  Wolcott.  Seven  airfields 
were  considered,  and  are  shown  on  Figure  2.1:  Easter  Island  (A),  Pitcairn  Island 
(B),  Tahiti  (C) ,  Samoa  (D) ,  Fiji  (E) ,  Christchurch  (F) ,  and  McMurdo  (G) .  Serious 
consideration  was  given  to  Christchurch,  distance  2215  NM  from  P,  with  an  8000-ft 
runway;  and  Tahiti,  distance  2415  NM,  with  an  11,200-ft  runway.  Flight  time  for 
the  round  trip  CPC  is  about  12  hr  and  for  FPF  is  about  11  hr.  Since  the  maximum 
flight  time  of  the  NC-135  is  8  hr,  refueling  with  tankers  will  be  necessary  in 
either  case.  The  plan  which  follows  is  bftsed  on  alw&ys  leaving  the  NC-13S  with 
enough  fuel  to  return  to  base,  even  if  no  further  tanker  rendezvous  is  made. 

(S)  The  NC-135  aircraft  would  deploy  from  Kirtland  AFB,  New  Mexico. and  two  KC-135 
tankers  from  the  West  Coast.  All  aircraft  would  operate  from  the  same  deployment 
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,  (Tiristchurch,  New  Zealand,  for  three  missions;  aircraft  could  take  off  with 
a  j;ross  weight  of  at  least  245,000  lb,  and  the  tankers  could  off  load  a  minimum 
of  90,000  lb  of  fuel  between  them.  Enroute  refueling  would  occur  three  hours 
after  takeoff  to  allow  a  safe  return  in  event  of  a  malfunction.  This  plan  would 
allow  about  three  hours  at  the  conjugate  point  for  each  mission. 

2 . 3  Preliminary  Experiment  Evaluation  (U) 

(S)  During  PRAIRIE  SMOKE  I,  in  October  1971,  certain  aspects  of  this  instrumenta¬ 
tion  were  tested.  Micropulsation  instrumentation  was  fielded  by  NRL;  however  no 
conclusive  results  were  obtained.  It  therefore  seems  doubtful  whether  this  experi¬ 
ment  could  be  fielded  on  an  aircraft  mission. 

(S)  The  EASE  aircraft  ionosonde  was  also  tested  on  October  12;  while  evaluation 
of  the  results  is  not  complete,  results  were  disappointing.  After  some  changes, 
that  ionosonde  was  tested  on  the  ground  at  Boulder  against  the  Barry  Research 
fbirp  instrument;  it  was  found  that  its  performance  compared  quite  favorably 
with  the  Barry  Research  instrument.  However,  no  further  airborne  results  are 
yet  available. 

2 . 4  Future  Plans  (U) 

(S)  Ibe  remoteness  of  the  conjugate  point  (evident  on  Figure  2.1)  makes  air¬ 
craft  experiments  difficult  and  expensive.  It  seems  that  some  information  could 
bo  gathered  from  satellite  experiment  at  the  conjugate  point;  this  matter  should 
1)0  explored.  However,  if  the  aircraft  sounder  experiment  is  proceeded  with,  it 
should  be  noted  that  the  EASE  aircraft  will  participate  in  conjugate  eclipse 
moasurements  during  the  total  eclipse  of  July  10,  1972.  It  will  be  based  at 
Ehristchurch  during  this  time,  and  considerable  savings  could  be  effected  by  com¬ 
bining  this  mission  with  the  Remote  Experiment.  Therefore,  it  is  recommended 
that  in  this  case  an  IVORY  CORAL  exercise  should  take  place  in  the  week  of  10-15 
July  1972  (which  begins  with  a  new  moon).  It  is  further  recommended  that  the 
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Barry  Research  sounder  should  be  installed  in  the  LASL  aircraft  for  the  Remote 
Ixperimcnt,  to  ensure  redundancy  of  this  essential  measurement. 

[S)  Further  studies  should  be  made  of  the  type  of  transmission  to  be  provided 
from  Boulder  for  this  experiment;  the  relative  usefulness  of  a  satellite  and  an 
airborne  experiment;  tbe  type  of  flight  pattern  to  be  followed;  the  mode  of  opera¬ 
tion  of  the  sounders;  the  criteria  for  success  of  the  experiment;  and  the  method 
of  data  analysis  to  be  used. 
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5.  SATELLITE  EXPERIMENT  (U) 

(S)  At  the  IVORY  CORAL  1973  Technical  Planning  Session  in  August  1971,  plan¬ 
ning  for  satellite  experiments  for  IVORY  CORAL  was  considered  by  a  Working  Group, 
whose  report  follows  in  abbreviated  form. 

3 . 1  Introduction  (U) 

fS)  It  is  not  possible  to  establish  a  scattering  model  unambiguously  from  mono¬ 
static  or  bistatic  radar  scattering,  due  to  the  presence  of  multipath  effects, 
ilowcver.  by  transmitting  a  radio  signal  through  the  disturbed  region,  and  choosing 
a  frequency  sufficiently  high  so  that  multipath  effects  are  substantially  avoided, 
a  rather  clear  picture  of  the  irregularities  can  be  provided.  Therefore,  the 
Working  Group  considered  the  possibility  of  an  experiment  to  examine  amplitude 
fluctuations  and  angle-of-arrival  scintillations  from  orbiting  and  geostationary 
satellite  signals  received  at  VilF  and  UHF  by  spaced  receivers.  The  Working  Group 
took  as  a  basis  material  by  Bowhill  £t  a^.  (1971a) 

(U)  The  theory  of  scintillation  produced  by  a  random  medium  was  developed  initial¬ 
ly  hy  newish  (1952)  to  assist  in  his  interpretations  of  radio-star  scintillations. 

Ih i s  theory  has  been  further  developed  by  Bowhill  (1961)  and  others.  Provided 
that  the  structure  size  of  the  irregularities  is  large,  compared  with  a  wavelength, 
a  ray-optics  approach  can  be  used  to  determine  the  properties  of  the  wave  observed 
at  the  ground.  Radio  signals  passing  through  a  medium  having  spatial  fluctuations 
in  electron  density  develop  irregular  wavefronts  on  emerging  from  the  ionosphere. 

ihesc  produce,  by  focussing,  amplitude  fluctuations  in  a  plane  distant  z  from  the 

2  2 

cloud,  having  a  fractional  value  of  about  z(d  /dx  )  (phase  path),  where  the  phase 
path  is  obtained  by  integrating  the  phase  refractive  index  along  the  line  of 
sight  from  the  point  (x,z)  to  the  source  of  the  radio  signals. 

(II)  Two  general  configurations  are  useful  for  satellite  scintillation  configurations, 

SECRET 


58 


SECRET 


usiiij).  orhitirin  and  geostationary  satellites.  Tnese  are  described  separately  in 
tlie  following  sections. 

-^.2  Orbiting-Satellite  Configuration  (U) 

fS)  rigure  5.1  illustrates  a  configuration  suitable  for  investigation  of  ASF 
and  WBA  irregularities  in  the  disturbed  ionosphere.  A  satellite  S  transmits 
signals  whose  amplitude  and  phase  are  recordec  at  three  receiving  points  ABC. 

A  point  P  in  one  layer  of  irregularities  moves  with  a  velocity  of  seveial  km  sec 
much  la-ger  than  any  velocity  thought  to  be  present  in  the  irregularities.  There¬ 
fore,  a  "snapshot"  of  these  irregularities  is  obtained  from  the  orbiting  satellite 
Analysis  of  these  results  can  determine  the  following  properties  of  the  irregu- 
1 ari ties ; 

(U)  1.  If  the  ASF  is  field-aligned  (from  the  variation  of  the  orientation 

of  the  major  axis  of  the  projected  ellipse  with  the  orientation  of 
the  1 ine  of  sight) . 

(U)  2.  Strui  'ure  size  and  aspect  ratio  of  the  ASF  irregularities  (by  cor¬ 

relation  analysis  of  amplitude  variations  at  the  stations  ABC). 

(U)  3.  The  distribution  in  altitude  of  the  ASF  and  WBA  irregularities 

(since  the  ratio  of  their  apparent  velocities  in  the  plane  ABC  to 
that  of  the  satellite  is  determined  by  the  height  at  which  they  are 
located) . 

(11)  4.  The  horizontal  extent  of  the  irregularities  (from  the  time  of  onset 

of  the  scintillation  for  different  cuts  of  the  orbit  through  the 
heated  region) . 

(S)  .5.  The  nature  of  the  small-scale  structure  associated  with  WBA  (from 

the  decorrelation  of  the  smallest  size  of  amplitude  and  scintil¬ 
lations)  . 

(S)  ().  The  amount  of  scintillation  in  power  and  in  angle  of  arrival  pro¬ 

duced  by  transmission  through  the  irregularities  (needed  for  extra¬ 
polation  to  the  monostatic  radar  scattering  case). 

5 . 3  Ccostationury  Configuration  (U) 

(S)  IMgure  3.2  shows  the  configuration  available  for  a  geostationary  satellite. 
•Since  all  such  satellites  are  located  in  the  equatorial  plane,  their  lines  of 
sight  are  all  somewhat  to  the  south,  so  the  three-station  network  must  be  offset 
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from  the  center  of  the  disturbed  region  in  order  to  observe  scintillations.  Here, 

the  line  of  sight  is  virtually  stationary,  so  the  observations  obtained  are  com- 

plementari  to  the  orbiting  satellite  observations  in  that  time  variabilitie^ 

are  dominant.  Analysis  of  data  from  this  experiment  can  give: 

CIO  1.  The  drift  velocity  of  the  irregularities  if  present  (from  correlation 
analysis)  . 

(U)  2.  The  time  behavior  of  the  irregularities  relative  to  the  switch-on 

and  switch-off  of  heating. 

(S)  3.  Scatter  of  energy  at  large  angles  to  the  line  of  .sight  (i.e.,  when 

the  ray  path  does  not  intersect  the  heated  volume) . 

(S)  4.  Scatter  of  transmitted  energy  at  frequencies  displaced  from  the  trans¬ 

mitted  frequency. 

3.4  Available  Satellites  (U) 

(U)  The  following  satellites,  currently  transmitting,  would  be  suitable  candidates 
for  this  type  of  study: 

Orbiting  satellites 


ISIS-A 

Transit 

Period 

128  min 

90  min 

Inclination 

88  deg 

90  deg 

Aiti tude 

580-3520  km 

1000  km 

Frequencies 

138  MHz 

150  and 

Geostationary 

satellites 

ATS- 1 

ATS-V 

Longitude 

149“W 

105“W 

Ele/ation  angle 

27  deg 

44  deg 

Frequency 

137  MHz 

136  MHz 

Ground  station  latitude 

43.4‘'N 

42.9“N 

Ground  station  longitude 

96.2*W 

104. 3“W 
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3 . 5  Other  Satellite  Experiments  QJ) 

(U)  Consideration  should  be  given  to  a  number  of  other  experiments  that  could 

be  carried  out  without  the  need  for  specifically  instrumented  satellites: 

(U)  1.  Using  Langmuir  probes  on  existing  satellites,  to  search  for  field- 

aligned  enhancements  in  electron  temperature  above  the  heated  region. 

(S)  2.  Using  electron  or  ion  current  measurements  to  study  the  morphology 

of  the  ASF  and  WBA  irregularities  from  satellites  passing  through 
the  distrubed  region. 

(U)  3.  Using  retarding-potential  analyzers  in  the  1-1000  eV  range,  to  search 

for  non-Boltzmann  electrons  that  have  migrated  from  a  region  of  para¬ 
metric  instability  (perhaps  the  WBA  region)  to  higher  altitudes. 

(U)  4.  Using  satellite-bome  filter  photometers ,  to  search  for  enhanced  air- 

glow  lines  at  night  in  the  disturbed  region. 

(U)  5.  Using  topside-sounder  satellites,  to  study  instabilities,  produced  by 

RF  fields  surrounding  the  satellite,  which  may  be  analogous  to  the 
instabilities  that  produce  WBA. 

(S)  6.  Using  satellites  which  can  be  seen  from  White  Sands  Proving  Ground 

through  the  disturbed  region,  to  look  at  scintillations  in  amplitude 
and  in  angle  of  arrival  at  UHF  for  comparison  with  the  satellite  trans¬ 
mission  data  described  in  Section  3.2. 
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4.  ROCKET  EXPERIMENT  (U) 

4 . 1  Introduction  (U) 

(S)  A  planned  rocket  experiment  was  described  by  Bowhill  (1971o,  Section  4)  in¬ 
volving  use  of  the  Nike-Apache  rocket  to  synthesize  a  large  antenna  aperture  in 
receiving  HF  signals  propagated  obliquely  but  reflected  from  the  ionosphere. 

This  section  describes  preliminary  results  from  the  experiment. 

4.2  Rocket  Experiment  Results  (U) 

CS)  Nike-Apache  14,475  was  launched  from  Wallops  Island,  Virginia,  at  09:19  UT 
on  Friday  20  August  1971. 

(S)  In  addition  to  other  instruments,  the  rocket  carried  a  receiver  to  measure 
the  relative  amplitude  and  phase  of  signals;  A,  originating  from  Wallops  Island, 
and  B,  originati.ig  from  a  transmitter  of  the  Stanford  Research  Institute  at  Lost 
Hills,  California.  A  synthesizer,  provided  by  SRI,  was  used  to  drive  the  trans¬ 
mitter  at  Wallops  Island  (radiating  the  ordinary  mode),  and  to  provide  a  phase 
reference . 

(S)  On  the  night  of  18  August  1971,  best  signals  from  Lost  Hills  were  received 
on  the  ground  at  Wallops  Island  when  the  beam  was  directed  at  an  azimuth  of  78°. 

A  natural  fading  period  of  from  two  to  four  seconds  was  obsei’ved.  The  power  of 
the  SRI  transmitter  was  about  lOkW. 

(S)  On  the  morning  of  the  rocket  flight,  the  power  of  the  Wallops  Island  trans¬ 
mitter  was  adjusted  as  the  rocket  was  in  flight  in  an  attempt  to  maintain  a  30% 
modulation  of  signal  A  by  signal  B  at  a  beat  frequency  of  500  Hz.  The  parameters 
of  the  system  which  accomplished  this  objective  were  as  follows: 

Frequency  of  Wallops  Island  trans-  7  922  000  Hz 

mittei-  (driven  by  SRI  synthesizer) 

Frequency  of  SRI  transmitter  at  7  921  500 

Lost  Hills 

Beat  frequency  500  Hz 

(free  space,  w/o  Doppler  correction) 
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Center  frequency  of  rocket  receiver  7  922  500  Hz 

Bandwidth  of  rocket  receiver  (6  dB)  8  570  Hz 

(as  of  27  April  1971) 

(3  dB)  5  430  Hz 

(as  of  27  April  1971) 

(S)  I^gurcs  4,1  through  4,6  are  reproductions  of  the  telemetered  output  signal 
from  the  rocket  receiver,  corresponding  to  altitudes  of  80,  100,  120,  140,  160, 
and  180  km,  respectively.  The  upper  trace  is  the  signal  from  a  propagation  ex¬ 
periment  at  2225  kHz  and  should  be  ignored  for  the  purposes  of  the  present  dis- 
cu’^s  i  on , 

(S)  Following  the  lower  trace,  of  interest  here,  note  that  the  500  Hz  beat  fre¬ 
quency  is  present  in  all  six  figures. 

(S)  On  the  average,  the  modulation  ratio  is  held  to  about  30%  as  intended, 

(S)  In  addition  to  the  30%  modulation  at  the  500  Hz  beat  frequency,  there  is 
ample  evidence  of  rore  complicated  interference  patterns  in  all  six  figures. 
Quasi  periodic  fading  ef  longer  periods,  which  sometimes  reduce  the  modulation 
ratio  to  zero,  is  evident  in  all  six  figures.  Some  of  this  can  be  attributed 
to  .the  manual  adjustment  of  the  desired  30%  modulation  for  which  there  is  an  in¬ 
dependent  record  of  the  Wallops  Island  transmitter  power  as  a  function  of  time. 

4  . .3  Future  Plans  (U) 

(S)  The  potential  usefulness  of  this  technique  for  IVORY  CORAL  and  otiier  appli¬ 
cations  will  be  explored. 
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(S)  'This  report  describes  satellite  transmission  experiments  carried  out  in  Prairie 
Smoke  III  and  IV  to  study  the  structure  sizes  and  time  dependent  of  scintillations^ 
to-atudy  tl»e  structure  sizes  and  time  dependence  of  » cint 1 1 1 at iA^^ produced  by 
artificial  spread  F  (ASF)  irregularities  at  frequencies  of  30,  50,  150,  and  400  NWz. 
Fine  structure  down  to  less  than  10  m  was  identified  in  the  scintillating  signals. 
Aircraft  and  topside  sounder  diag.<ostics  are  described  for  earlier  experiments, 
which  show  that  the  disturbed  region  extends  more  than  200  km  in  a  north-south 
direction,  with  a  relatively  sharp  southern  boun^ry.  This  report  also  presents  a 
criterion  for  optimization  of  the  bistatic  cross^ction  for  on-frequency  scatter 
,  (OFS)  at  VHF  and  IMF  by  a  suitable  choice  of  geometry. 
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